The location of the translational termination codon for the transmembrane protein (TMP) varies in three infectious molecular clones of simian immunodeficiency virus from macaques (SIVmac). The SIV.aC251 and Virus production dramatically increased in parallel with the emergence of a virus with a 28-kDa TMP. Sequence analysis of viral DNAs from these cultures showed that premature stop codons arising by point mutation were responsible for the change in size of the TMP with time. A similar selective pressure for truncated forms of TMP was observed when the SIVmaC239 clone was transfected into human peripheral blood lymphocytes (PBL). In contrast, no such selective pressure was observed in macaque PBL.
When the SIVmac239 clone was transfected into macaque PBL and the resultant virus was serially passaged in macaque PBL, the virus replicated very well and maintained a 41-kDa TMP for 80 days in culture. Macaque monkeys were infected with SIVmac239 having a 28-kDa TMP; virus subsequently recovered from T4-enriched lymphocytes of peripheral blood showed only the 41-kDa form of TMP. These results indicate that the natural form of TMP in SIVmaC is the full-length 41-kDa TMP, just as in human immunodeficiency virus type 1. Viruses with truncated forms of TMP appear to result from mutation and selection during propagation in unnatural human cells.
Two related but distinct human lentiviruses, human immunodeficiency virus types 1 and 2 (HIV-1 and HIV-2), have been identified (1, 5, 27) . The simian immunodeficiency viruses (SIVs) are a diverse group of nonhuman primate lentiviruses that are the closest known relatives of the HIVs. To date, SIV has been isolated from macaques (3, 6, 8, 24) , African green monkeys (9, 26) , sooty mangabey monkeys (12, 22, 24) , and mandrills (31) . The SIVs share extensive similarity with their human counterparts in both genetic and biological properties. Both SIV and HIV are tropic for cells bearing the CD4 molecule, and both can be cytopathic for these cells (6, 19, 26) . SIV, like HIV and other lentiviruses, can induce chronic debilitating disease following long-term persistent infection. The pathologic features of SIV-and HIV-induced diseases are quite similar (2, 3, 6, 7, 21, 28) . Both exhibit the unique lentivirus virion morphology. Their genomic organizations, represented by long terminal repeatgag-pol-vip-central region-env-nef-long terminal repeat, are very similar, with extensive gene-for-gene homology along the genome (4, 11) . The extensive similarity of SIV to HIV and the ability to induce acquired immunodeficiency syndrome in common rhesus monkeys (Macaca mulatta) make SIV ideally suited for study of the pathogenesis of acquired immunodeficiency syndrome and approaches to vaccination and therapy.
One feature of SIV that has been found to differ from HIV-1 is the length of the transmembrane protein (TMP) of the envelope. A premature stop codon in the envelope reading frame results in truncated forms of SIV TMP (4, 11, * Corresponding author. 16 ). Some isolates of HIV-2 also contain a truncation of the TMP (14, 15, 33) . These findings have led to speculation as to whether SIV and HIV-1 differ in the utilization of these sequences, particularly in the sequences downstream of the premature stop codon. Since the reading frame in env beyond the stop codon has been conserved, questions arise as to whether these sequences may be expressed in alternate fashion, perhaps through RNA splicing.
Here we report that truncated forms of TMP in SIV from macaques (SIVmac) result from mutation and selection during propagation in unnatural human cell lines and that the natural form of the TMP in SIVmaC is the full-length 41 kilodaltons (kDa), just as in HIV-1.
MATERIALS AND METHODS
SIVmaC infectious clone. Full-length molecular clones containing integrated proviral DNA from SIVmaC:142, SIVmac239, and SIVmac251 in bacteriophage lambda EMBL4 were used. All three of these cloned DNAs were infectious upon transfection into HUT-78 cells (25) .
Cell culture and DNA transfection. The continuously growing CD4+ human T-cell lines HUT-78 (13) and (23) were maintained in RPMI (30) . Sequenase and synthetic oligonucleotide primers were used to sequence double-stranded DNA.
RESULTS
The translational stop codon in the SIVmac142 infectious clone was described previously as part of its entire nucleotide sequence (4) . A similar stop codon was found in the infectious clone of SIVmac251 but not in that of SIVmac239 by partial sequencing of the TMP region (25) . SIVmac142 and SIVmac251 have stop signals that differ in location by one codon; no such stop codon was found in this region of SIVmac239 (Fig. 1A) . We confirmed the absence of a premature stop codon in SIVmac239 by determining the nucleotide sequence of the entire TMP region (Fig. 1B) .
Comparative analysis of the TMP regions of SIVmac239 and SIVmac142 showed an overall nucleotide identity of 95%. However, the homology decreased from 97% before the stop codon of SIVmac142 to 93% after it; the predicted amino acid sequence homology decreased from 93% before the stop codon to 80% after it. The N-terminal region, which is a putative fusogenic domain, was (Fig. 3) . However, during the first 20 to 30 days posttransfection, virus replication was very low compared with that of SIVmaC142 and SIVmac251 (Fig. 3) . Upon continued passage of these SIVmac239-transfected cultures, the virus with a 41-kDa TMP gradually decreased below detectable levels, coincident with the emergence of the virus with a 28-kDa TMP (Fig. 3) . Virus replication increased dramatically concomitant with the emergence of the virus with a 28-kDa TMP (Fig. 3) . Selec (Fig. 1B) ( Fig. 5) . In these macaque lymphocytes growing in interleukin 2, replication of SIV with a 41-kDa TMP predominated. Infection of macaque lymphocytes with SIVmac239/41K yielded a virus with a 41-kDa TMP that persisted upon serial passage (Fig. SA) , while SIVmac239/28K eventually yielded a virus with significant levels of a 41-kDa TMP (Fig. 5B) . These results suggested that truncated forms of the TMP of SIVmac239 might result from selective growth in human cells.
To further investigate this possibility, cloned SIVmac239 DNA was transfected directly into primary macaque and human PBL cultures. In transfected macaque lymphocytes, SIVmac239 replicated very well and maintained a 41-kDa TMP over 80 days of serial passage (Fig. 6A) . When SIVmac239 cloned DNA was transfected into human PBL, significant replication was delayed until after three passages. After this time, virus replication increased dramatically, coincident with the appearance of a virus with a 28-kDa TMP which eventually predominated in the cultures (Fig. 6B) . Thus, virus with 28-kDa TMP is selected in normal human PBL cultures similar to that seen with the human CD4+ tumor cell lines.
A rhesus monkey was previously infected with cloned SIVmac239 (27) . Since the virus used for infection was harvested from SIVmac239-transfected HUT-78 cells, it contained mainly a 28-kDa TMP (Fig. 7A) . We recovered SIV from CD4+-enriched lymphocytes of this rhesus monkey 58 weeks postinfection (reverse transcriptase activity was 81,000 cpm/ml at the time of harvest). Analysis of the virus recovered from the persistently infected macaque showed only a 41-kDa TMP (Fig. 7B) . In addition to SIVmac, SIV isolates from African green monkeys, sooty mangabeys, and mandrills have exhibited truncation of the TMP (12, 24, 26, 31 ). For these studies, SIV was grown in human CD4+ T-cell lines. Several SIV isolates from African green monkeys showed heterogeneity in the sizes of their TMPs (20) . After harvested from a culture supernatant of HUT-78 cells for inoculation into a macaque (A) and those of viruses recovered from a T4-enriched PBL culture from a persistently infected macaque monkey 58 weeks after inoculation (B) are shown.
The determinants of this inability to replicate in macaque lymphocytes are likely to reside in regions other than that of the TMP stop codon.
The location of the stop signal in env of SIVmac142 differed from its location in SIVmac251 by only one codon. The calculated molecular weights of the unglycosylated forms of their TMPs are 23.8 kDa (SIVmac142) and 23.9 kDa (SIVmac251), and each has three potential sites for N-linked glycosylation. Unexpectedly, the TMP of the SIVmac251 virus was 2 kDa larger than that of SIVmac142 (30 versus 28 kDa) by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The individual amino acid composition of the TMP could possibly influence the rate at which it proceeds through the Golgi or the nature or extent of glycosylation.
One possible origin of the HIVs is from monkeys via cross-species transmission. If interspecies transmission of SIV to humans did occur, we would expect adaptive mutation to select variants better suited to replication and spread in the human population.
